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Abstract

Introduction: Patient safety has become a core value in health
organizations, requiring the use of significant resources in order to
avoid accidents during hospital stay. Health care can create risks,
and patient safety is the most important objective in care quality.
Failure Mode and Effects Analysis (FMEA) is a preventive tool that
helps anticipate potential errors and adverse events, setting up
barriers to prevent them from happening, or mitigating their effects
or, in the event they do happen, mitigating theirimpact on the most
vulnerable link in health care, namely, the patient.

Objectives: To analyze, using the FMEA tool, mobilization of
intubated critical ill patients in the Intensive Care Unit.

Method: A brainstorming session was held within the service
to identify the most frequent potential errors in the process.
Subsequently, the FMEA method with its different phases was

applied, prioritizing risk according to the RPN (Risk Priority
Number) index and selecting improvement actions for those with
an RPN greater than 300.

Results: The result was the identification of 101 failure modes,
of which 46 exceeded the RPN of 300. As a result of this work, 63
improvement actions have been proposed for those failure modes
with NPR scores above 300.

Conclusion: The conclusion ofthe studyisthatFMEAwasauseful
tool for anticipating potential failures in the process and proposing
improvement actions for those that exceeded an RPN of 300.

Resumen
Introduccion: La seguridad del paciente ha adquirido un valor

estratégico enlas organizaciones sanitarias, empleando numerosos
recursos para evitar accidentes durante la estancia hospitalaria. La
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asistencia sanitaria puede generar un riesgo y la seguridad del
paciente es el objetivo mas importante de la calidad asistencial.
AMFE es una herramienta preventiva, lo que supone una
anticipacién a los posibles errores y eventos adversos, poniendo
barreras para que no sucedan o silo hacen mitigar sus efectos sobre
la parte mas vulnerable de la atencién sanitaria, el paciente.

Objetivos: Analizar, a través de la herramienta AMFE (Analisis
Modal de Fallos y Efectos), la movilizacién del paciente critico
intubado en la Unidad de Cuidados Intensivos.

Metodo: Para ello se realizé una tormenta de ideas dentro del
servicio para decidir los posibles errores mds frecuentes en el
proceso. Posteriormente, se aplicé el método AMFE, con sus fases,
priorizando el riesgo conforme al indice NPR (Numero de
Priorizacién de Riesgo), seleccionando acciones de mejora en
los que tienen un NPR mayor de 300.

Resultados: Como resultado hemos obtenido 101 modos de
fallo de los cuales 46 superaban el NPR de 300. Tras nuestro
resultado, se han propuesto 63 acciones de mejora en aquellos
modos de fallo con puntuaciones NPR superiores a 300.

Conclusiones: La conclusion del estudio es que AMFE permite
anticiparnos a los posibles fallos del proceso para proponer
acciones de mejora en aquellos que superan un NPR de 300.

Introduction

Patient safety has become a strategic pillar in health care
organizations, requiring significant resources with the aim
of avoiding accidents during hospital stay. Considering
that error is inherent to human nature, its consequences
need to be minimized.

Health care may create risks, and patient safety is the
most important care quality objective. Nursing care
represents one of the biggest risks, particularly in the
intensive care unit (ICU), given the complexity of care,
procedures, techniques, and technologies. This has been
demonstrated in various international® and national®?
publications since the late 1990s.

Safety in health care must be enhanced using different
tools such as Failure Mode and Effects Analysis (FMEA),*
which, in this paper, will be considered in relation to the
mobilization of the intubated patient.

FMEA seeks to solve problems that may arise as part of
a process, even before they manifest themselves. It
identifies every potential failure in order to assess the
severity of potential effects and the frequency of the
causes that give rise to them, establishing priority
actions with the aim of improving process design. FMEA
implementation in the health sector has been slow
despite its strong implementation in the industrial
arena, particularly in the aerospace field in the United
States, where the margin of error is very tight and
consequences are very difficult to address. FMEA allows
to prioritize potential failures according to risk, proba-
bility, and possibility of detection in order to implement
improvement actions designed to eliminate or reduce

the probability of them happening. For this reason, it is
important to identify the weakest links in the health
system, where protection is most needed. Moreover,
being a preventive method, its study does not require the
actual occurrence of errors.”

FMEAresultsinimproved care quality, early identification
and removal of process failures, prioritizing deficiencies,
strengthening prevention, guiding control and development
improvement, and fostering multi-disciplinary work. In
intensive care medicine, FMEA may be of significant use,
although few studies have been conducted so far.

Critically ill patients are more prone to develop pressure
ulcers due to immobility, disease, old age, long hospital
stay, hemodynamic and gas exchange disorders,® shearing,
friction and medications, nursing care, the environment
and patient-related factors.” Early mobilization is key in
order to avoid ICU-acquired weakness (ICUAW),® and it is
the best preventive strategy.’ Postural changes benefit the
critically ill patient, preventing the development of pres-
sure ulcers, although mobilization of patients connected to
different devices such as endotracheal tubes (ETTs) and
central catheters may result in severe consequences.
Moreover, there is a need for frequent mobilization.

The health system works hard to ensure patient safety,
but errors leading to adverse effects (AEs) continue to
occur.” An AE is nonintentional harm caused by health
care actions that results in measurable disability. Syno-
nyms include harmful health effect, adverse consequen-
ces, and negative impact. Adverse events cause
measurable harm to the patient, while near-misses do
not cause harm to the patient but could have resulted in
serious consequences had they occurred.

The FMEA toolcan now be used toimprove safety by means
of systematic risk analysis and improvement actions.*

Method
Hypothesis

The FMEA method can be used to make proposals for
improving patient safety in the ICU during the process of
mobilization, analyzing potential risks, and proposing
systematic improvement actions.

Objective

The overall objective is to “use FMEA for identifying
potential failures in the selected process,” and the specific
objectives are as follows:

To identify the points at which care for the critically ill
patient may fail (failure modes) and to enable the
necessary means and procedures for detection.

Tomake the quantitative assessment of each failuremode.

To recommend actions aimed at reducing failure
probability in the care process of the critically ill patient
for those failures with a Risk Priority Number (RPN) higher
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Table 1. Mobilization of intubated critically ill patient

Mobilisation of intubated critically ill patient

¥
1. Preparation of the materials required

N/
2. Check patient haemodynamic stability

s
3. Check line length of the mechanical ventilation system

A
4. Check line length of the intravenous administration system

s
5. Check fixation of the endotracheal tube and pneumo pressure

\/
6. Check catheter fixation

N/

7. Inform the patient

N/
8. Staff involved standing

on both sides of the bed

A

9. Decide on which side the patient will be mobilised

A

10. Mobilise the patient gently, taking care of the OTT

s

11. Provide support to the patient on the selected side, with the help of pillows

N\ A
12. Check correct position of catheters and OTT

\ A

13. Assess haemodynamic instability

N

14. Assess patient comfort

N/
15. Raise bed rails

\/

16. Document the procedure

Source: Authors.

than 300. The choice of that number was determined by
the complexity of critically ill patients.

The FMEA tool was used in the ICU of the Gregorio
Marafién General University Hospital (HGUGM). The
design was based on the different phases of the FMEA.

Selection of the team

The team consisted of 4 physicians, 9 registered nurses
(RNs), and 3 ICU licensed practical nurses (LPNs). The
majority have more than 5 years of experience working in
the unit. Three 1-hour meetings were held.

Process analysis

The phases of the process'? are summarized in Table 1.

Risk assessment

A brainstorming session was conducted with the ICU staff
(physician, RNs, and LPNs), with the aim of gathering

information and reaching an agreement regarding poten-
tial failures and effects that may occur during the process
and give them a numerical score: RPN (Table 2).

We discarded the ones that were not related to
patient safety and, for the remaining ones, we asked
the following:

(1) Failure: What may go wrong?

(2) Failure modes: How can it fail?

(3) Causes: Why can it fail?

(4) Effects: What may the consequences of the failure be?

(5) Seriousness: What may be the repercussion of the
failure for the patient?

(6) Occurrence: What is the probability that the failure
may happen?

(7) Probability of detection: What is the probability of
detecting it?

Together, seriousness, occurrence, and probability of
detection provide the RPN score, which is then used to
prioritize improvement actions. Each parameter is scored
from 1 to 10 and then multiplied among themselves.
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Table 2. Brainstorming

e Catheter dislodgement due to absence of care, leading to an
increase in morbidity and mortality

e System disconnections

e Extubation

e Line kinks

e Risk of falling

e Ulcers

e Lines not long enough to allow mobilization without the risk
of extubation or catheter dislodgement

e Shortage of staff

e No regard for circadian rhythms in the patient

e Inadequate assessment before mobilizing the patient (only
routine type of assessment)

e Respect for patient privacy

e Acute changes in lung mechanics with the risk of
barotrauma, hypoxemia, and hypercapnia

e Cables not long enough causing devices to fall or creating a
risk of harm to the patient

e Risk of increased ICP

e Poor body alignment, increasing the risk for ICP elevation,
dislocations, pain

e Failure to mobilize the patient may result in pressure ulcers,
disuse syndrome, stiffness, etc

e Inadequate chair that may be too small for the patient or
not in perfect condition

e Problem with the lifting device used to raise the patient
because of power failure or malfunction

e Inadequate use of the lifting device

e Kinks in the perfusion system

e Poor placement of the diuresis bag

e Failure to assess and treat pain adequately

e Dragging the patient in bed. Friction may cause pressure
ulcers

Source: Authors.

Seriousness may be quantified as

(1) Low (1-2): no consequences resulting in patient injury, no
prolonged length of stay, no need toincrease surveillance.

(2) Moderate (3-4): prolongs length of stay or requires
greater surveillance during a limited period of time.

(3) High (5-8): Results in injury, permanent loss of some
function, need for additional treatment, longer length
of stay, or need for additional care due to hemody-
namic instability.

(4) Catastrophic (9-10): Life-threatening.

Occurrence may be quantified as

(1) Remote (1-2): Improbable, no known event.

(2) Infrequent (3-4): Possible occurrence, some known
case over the past 5 years.

(3) Occasional (5-8): Probability of occurrence, several
known cases over the past 2 years.

(4) Very frequent (9-10): Probability of it happening right
away, several known cases over the past year.

Possibility of detection may be quantified as

(1) High (1-4): Error is detected right away and always.
(2) Occasional (5-6): Error is detected early and always.
(3) Moderate (7-8): Error is almost always not detected early.
(4) Low or nil (9-10): Error always undetectable.

Development of FMEA tables

Once everything was analyzed, FMEA tables in the form of
results were prepared (Table 3).

Results

The tables show 101 failure modes and we proposed
improvement actions for subprocesses with RPN values

higher than 300. The decision was driven by the
complexity of critically ill patients, in order to focus
resources on those errors with the highest scores for
the quantified parameter. This means they need at
least to be highly serious, of occasional occurrence and/
or not amenable to early detection. For example,
mechanical ventilation disconnection represents a
serious risk for the patient; although it occurs very
frequently, failsafe mechanisms such as the ventilator
alarms are activated immediately, making it possible to
respond quickly and address potential effects, avoiding
consequences.

These improvement actions will result in changes to the
process or the addition of new barriers in order to avoid
the risks identified (Table 4).

RPN values range between 576 and 20; 46 were higher
than 300, accounting for 46.46% of the total.

Following our results, 63 improvement actions have
been recommended.

Discussion

These results cannot be compared with prior studies
because, although FMEA has been applied in other areas of
medicine,'® it has never been applied to the process
studied by our group.

Although there are FMEA studies in Spain,'** improve-
ment actions are applied to failures with an RPN above
100. In this study, improvement actions are applied to
failures with an RPN greater than 300, given the
complexity of the critically ill patient.

Other health care centers with different mobilization
protocols might find different failures and quantify them
differently, based on their own peculiarities.

RPN scores were found to range between 20 and 576.
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Table 3. FMEA tables

Process Mobilization in bed

team Score

Detec{ablhty

Catastrophic Very frequent Low or nil

High 5-8 Occasional 7-8 Moderate 7-8

Moderate 34 Infrequent 5-6 Occasional 5-6

Low 1-2 Remote 1-4 High 14

Steps in the process Potential failures Potential causes Potential consequences --“ RPN

Preparation of the Inability to lower the Bed failure; bed not connected Poor patient mobilization; patient injury; 1 36
material head of the bed staff injury.

Check patient HD Failure to consider No adequate prior assessment Harm for the patient; HD instability 5 360
status patient instability

Check length of the Extubation Rigid lines; short lines; poorly Hypoxia; hypoxemia, vital risk; potential 4 252
MV system cables fixed; loose pneumo arrest

Check orotracheal No OTT check Loose fixation band; deflated Extubation; hypoxia; hypoxemia, vital 4 288
tube (OTT) pneumo risk; potential arrest

Check good length of | No catheter system Short lines; sudden movements Catheter dislodgement; HD instability; do 4 224
IV perfusion check not administer VAD; bleeding
systems

Check catheter No check Despiste; Inexperiencia Prisas; HD instability; failure of VAD perfusion 7 392
fixation Falta de conocimientos Bleeding

Informar al paciente | Not advising patient Coming to the patient Inflicting pain/discomfort to the patient; 1 28

about mobilization unexpectedly; startling the startling the patient; poor
patient; hasty movements mobilization; nervousness

Process

Steps in the process

Potential failures

Potential causes

Mobilization in bed

Potential consequences

Decide on which side | Inadequate side Sloppiness; lack of knowledge; haste; | Falls; extubations; hemodynamic 5 200
to mobilize lack of experience instability.Discomfort.
Mobilize the patient | Catheter Poor fixation of catheters and HD instability; VADs do not perfuse; 4 256
dislodgement infusion system; short system bleeding; infection
lines
Extubation. Poor OTT fixation; short lines; haste; Hypoxia; hypoxemia; vital risk; potential 4 324
pneumo not tested; sudden arrest
movements
Kinks in IV systems Poor patient mobilization HD instability; no DVA infused 5 360
Dragging the patient | Shortage of staff; lack of expertise; Pressure ulcers; pain; scrapes 4 180
lack of knowledge; haste
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Process Mobilization in bed

Steps in the process Potential failures Potential causes Potential consequences --n-

Mobilize the patient Dragging the patient | Haste; sloppiness; lack of skill; Falls; HD alterations; pain inflicted to the
inexperience patient; injuries; extubation
Support the patient on Kinks in IV lines Lack of knowledge; sloppiness; HD instability; VADs not infused 8 9 5 360
the selected side haste
Falls Failure to raise bed rails; haste; Injuries; pain; extubation; HD alterations 9 5 4 180

excessive lateralization; lack
of experience; staff shortage
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Assess patient comfort Poor body alignment | Haste; lack of experience; lack of | Pain; HD alterations, injuries 8 8 8 512
knowledge
Lack of privacy Removing the covers; lack of Nervousness; discomfort 2 7 5 70

experience; haste

Not respecting sleep | Moving the patient while asleep Insomnia; discomfort 3 7 5 105

Raise bed rails Failure to do it Haste; forgetfulness; lack of Falls; injuries; trauma; extubation 8 8 8 512
knowledge; sloppiness

Limb entrapment Haste; sloppiness Injuries; pain; trauma 8 7 4 224
Catheter Limbs trapped in the railings; HD alterations; bleeding 8 8 4 256
dislodgement haste
Extubation Trapping of lines; poorly fixed Hypoxia; desaturation; vital risk 9 6 4 216
OTT

Source: Authors.

Table 4. Improvement actions mobilization in bed

Implantation
Failure-RPN Cause Improvement Responsibility timeline
Step 2. Failure to Absence of prior adequate Training Regular training 12 months
consider patient assessment
instability, 360
Writing a protocol FMEA team 6 months
Step 6. Not checking, 392 | Oversight; lack of experience; Training Regular training 12 months
haste; lack of knowledge
Paso 10, Extubacidén, 324 | Poor OTT fixation; short lines; Reminders at bedside FMEA team 1 month
pneumo not checked; haste;
sudden movements
Step 10 and 11. Kinking | Lack of knowledge; sloppiness; Training Regular training 12 months
of IV systems, 360 haste
Step 14. Poor body Haste; lack of experience; lack of | Training Regular training 12 months
alignment, 512 knowledge
Step 15. Failure to raise | Haste; oversight; lack of Board or Bedside ICU supervisors 3 months
bed rails, 512 knowledge; sloppiness reminders FMEA team
Training Regular training 12 months

Source: Authors.
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The highest RPN in our study was 576 and reflects failure
to use a basic safety mechanism such as raising bed rails,
increasing the risk of falling.

The lowest RPN in our study was 20, reflecting the
absence of mechanical devices for mobilizing the patient.
This situation poses no risk to the patient, although it does
represent a risk for the health care staff in charge of
mobilizing the patient.

Alarge number of the improvement actions proposed in
this research are based on training and awareness of the
health care staff. Therefore, an adequate “training plan” is
imperative in order to address mistaken habits that
influence daily practice. This training plan must be part
of organizational strategy and highlighted as a safety
objective by the committees, units, or task forces charged
with patient safety and risk management in health care
institutions. Recycling in known techniques will always be
welcome as new published knowledge is adopted. Recy-
cling underpinned by good training will create awareness
among the senior staff, the population for which change in
routine practice is the hardest. Moreover, this training
plan should be mandatory for all new staff in a special or
new unit, as it would improve the quality of health care, as
shown in the study by Alonso Ovies et al.’®

A patient mobilization protocol should be developed by
the FMEA team, including requirements for getting the
patient out of bed and into bed. The recommendation is to
use the available mechanical lifting devices for this job,
and at least three RNs or LPNs should participate.
Considering that the lifting device as well as its fixtures
are critical for this work, it is important to ensure that
everything is operational. This requires regular checks by
the staff in charge, such as the ICU supervisor or the
person responsible for maintenance of all ICU devices. Itis
also advisable to have a set of batteries to ensure that
there is always one being charged, and that the lift will
always be operational. Finally, it is important to insist on
the measures designed to prevent falls, including bed rails,
which need to be in good condition and must be used at all
times. In this regard, it is advisable to place signs in the
unit to remind the staff. Although intubated patients may
be under different levels of sedation, it does not mean that
the risk of falling is avoided.

Thebrainstorming phaseis critical in the FMEA model, as
it brings a large number of potential failures in health care
processes and subprocesses to the surface, things that
might not have been considered by the staff otherwise.
Different personal perspectives from people with different
backgrounds may also be eye-openers for others.

Trainingin FMEA and a step-wise approach to analyzing
routine processes in daily practice will set the basis for
developing a “risk map” that will result in safer and more
efficient day-to-day practice. Organizations cannot afford
to cover the costs associated with unsafe practices at a
time in which equity requirements do not allow budget
derailing.

Conclusion

The FMEA tool was effective for determining failure modes
in the selected process. Also, FMEA allowed to identify
errors in the selected process, with a finding of 101 failure
modes, 46 of which exceeded a PRN of 300, and have been
selected for 63 proposed improvement actions.

Many of the failures result from practices entrenched in
custom that need to be changed by means of training and
awareness measures, because some techniques may
become routine as a result of repetition. Changes in
health care staff behaviors are needed in order for FMEA to
be effective. They must be made aware of the fact that
FMEA offers a new possibility to work in a harm-free
environment in the long run.

It is highly advisable to incorporate the FMEA tool into
our education plans so thatit can eventually be used in the
most routine processes of our health care practice.

A new mobilization protocol may be proposed as a
result of the analysis of the failure modes. It would be
useful to review it and implement it rigorously, providing
adequate training to the staff in the unit as well as to other
staff that may join the unit in the future.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans
or animals for this study.

Confidentiality of data. The authors declare that they
have followed the protocols of their work center on the
publication of patient data.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Funding

None.

Conflicts of interest
None.

References

1. Institute of MedicineTo Err is Human: Building a Safer Health
System. National Academy Press, Washington, DC:1999.

2. Aranaz JM, Aibar C, Vitaller ], et al. Estudio nacional sobre los
efectos adversos ligados a la hospitalizacion: ENEAS 2005.
Ministerio de Sanidad y Consumo, Madrid:2006.

3. Merino P, Alvarez J, Martin MC, et al. SYREC Study Investigator-
sAdverse events in Spanish intensive care units: the SYREC study.
Int J Qual Health Care 2011;24:105-113.

4. Derosier J, Stalhandske E, Bagian JP, et al. Using health care failure
mode and effect analysis: the VA National Center for Patient
Safety’s prospective risk analysis system. Jt Comm ] Qual Improv
2002;28:248-267.

5. Aranaz]JM, Aibar Remon C, Vitaller Burillo]. Gestién Sanitaria: Calidad
y Seguridad de los pacientes. Alicante: Fundacién MAPFRE; 2008.

e
9
[
<
B
0
&
=
<
2
Q
Qo
=
o
Z
jany
)
m
[
2
<
=
&
B
4
=
O
%]




o
g
~
<
25}
[%2]
1]
&,
~
<
g
O
Q
=
@)
Z
o
@)
M
&
a
Z
<
2
=
~
4
=
g
%]

COLOMBIAN JOURNAL OF ANESTHESIOLOGY

6.

10.

11.

10

Manzano Manzano F, Corral Rubio C. Ulceras por presién en la
unidades de cuidados intensivos: sinevitables o prevenibles? Med
Intensiva 2009;33:267-268.

. Tzuc Guardia A, Vega-Morales E, Colli-Novelobet L. Nivel de riesgo

y aparicién de dlceras por presién en pacientes en estado critico.
Enferm Univ 2015;12:204-211.

. Wilches Luna EC, Muiioz Arcos VE, Girén E, et al. Implementacién

de un programa de movilizacién temprana en pacientes criticos.
Acta Colomb Cuid Intensivo 2015;15:287-292.

. Marti Romeu JD. Debilidad muscular adquirida en la unidad de

cuidados intensivos. jun problema con una uUnica solucién?
Enferm Intensiva 2016;27:41-43.

Donchin Y, Gopher D, Olin M, et al. A look into the nature and
causes of human errors in the intensive care unit. Crit Care Med
1995;23:294-300.

Runciman W, Hibbert P, Thomson R, et al. Towards an
International Classification for Patient Safety: key concepts and
terms. Int ] Qual Health Care 2009;21:18-26.

12.

13.

14.

15.

16.

Salvadores Fuentes P, Sanchez Sanz E, Carmona Monge F.
Enfermeria en cuidados criticos. Editorial Universitaria Ramén
Areces 2011;107.

Vazquez Valencia A, Santiago Sdez A, Perea Pérez B, et al. Utility of
failure mode and effect analysis to improve safety in suctioning by
orotracheal tube. ] Perianesth Nurs 2017;32:28-37.

Govindajan R, Molero ], Tuset V, et al. El anélisis modal de fallos y
efectos (AMFE) ayuda a aumentar la seguridad en radioterapia.
Rev Calid Asist 2007;22:299-309.

Cafiada Dorado A, Cérdenas Valladolid ], Espejo Matorrales F, et al.
Proyecto de mejora del proceso de atencién continuada domicil-
iaria en atencién primaria: rediseno y AMFE. Rev Calid Asist
2010;25:365-371.

Alonso-Ovies A, Alvarez-Rodriguez ], Garcia-Galves MM, et al.
Utilidad del anédlisis modal de fallos y efectos para la mejora de la
seguridad de los pacientes, en el proceso de incorporacién de
nuevo personal de enfermeria un servicio de medicina intensiva.
Med Clin (Barc) 2010;135 (Suppl 1):45-53.



